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1 INTRODUCTION 
The information technology branch and  its industry has been growing with an exponen-
tial pace during the last few decades, yet without any signs of significant growth re-
strictions or slowdowns. The accelerating changes and technological development is 
creating new opportunities for businesses, and in order to be competitive in the field or 
to have that edge over other competitors, the businesses must keep evolving and adapt 
to the environment and its requirements. 
  
Nowadays it’s common, and becoming increasingly more so, that work and tasks are 
carried out as a project, which usually includes many different stages according to used 
models and processes. Project driven work is common, especially in the IT and software 
industry. To successfully drive and carry out a project requires proper planning and exe-
cution, which is crucial for large scale projects. This has been shown, and is widely 
known, to be particularly important in software and systems engineering, as projects are 
easily prone for delays and increased expenditures caused by improper planning or bad 
processes. 
 
It is needed to know what kind of goals a project is aiming for and what are the underly-
ing needs; specifications have to be set and defined. There is a specific knowledge area 
which includes different stages designed to solve and clarify these needs called re-
quirements engineering, which will also be a main subject of this thesis. 
 
1.1 The contractor, Intentions and Goals of the Thesis 
This thesis work is a part of a more comprehensive large-scale project, which was initi-
ated because of a greater need to increase quality and efficiency in the current and fu-
ture processes and operations, with the intention to achieve improved cost-effectiveness. 
The contractor of this work is one of the dominant companies in the telecommunica-
tions industry domestically in both Finland and Sweden, as well as internationally in the 
Northern and Eastern Europe, with operations in other regions as well.  
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This work aims particularly to find out and identify what kind of needs and require-
ments the company's various businesses and departments are having for a Network In-
formation System. A Network Information System (NIS) is a computer application 
landscape, which may consist of several different components and applications, used for 
managing telecommunication networks and all relevant data, e.g. connections and their 
attributes, network infrastructure, operational data, customer information and jobs or 
work requests. 
 
This thesis work was carried out by collaborating with various departments and their 
corresponding people and stakeholders, to collect and clarify their requirements. The 
work goals included compilation of the collected requirements, specifying and defining 
them, and writing them formally as a requirements catalog, which was then delivered 
for the IT-system architects’ usage.  
 
The requirements catalog was meant to be the final product, but because of the lack and 
definition of a requirements gathering process, the creation and documentation of a pro-
cess for it was included in the thesis work, to be also used in future similar projects. 
 
1.2 Limitations of the Work 
The thesis is divided into two different parts, a theoretical and a practical part. The theo-
retical part is focusing on the topic and different aspects of requirements engineering, 
with the intention to give the reader an overview of the subject and what kind of steps 
are usually involved in the process. While requirements engineering may be applied in 
many different areas of engineering practices and tasks, this thesis work is primarily 
made from a system and software engineering perspective. 
 
The practical part is a thorough description and documentation on how making of the 
requirements catalog was carried out in practice. The business requirements gathering 
process is divided and described by different steps, which were created and used for this 
thesis work. The practical part is meant to be supported by the theoretical part, by fol-
lowing standard routines of requirements engineering. 
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This thesis work does not contain any specific details of the planned NIS, or other ap-
plications or tools involved and used by the company. It does not either describe in de-
tail what kinds of requirements were collected or contain any details about the stake-
holders or their identity. The information is presented in a general way, so that this the-
sis work could be used as a guideline. 
 
2 REQUIREMENTS ENGINEERING (RE) 
Requirements engineering (RE) should be considered as its own separate area of exper-
tise and practice aside from systems and software engineering. Requirements engineer-
ing may also be considered as a sub discipline of systems and software engineering, or 
actually rather systems engineering in a more general way because requirements are rel-
evant in every engineering task, not only in software engineering. (Hull et al. 2011) 
 
A way to measure the degree of success of a systems and software project is the level 
how well the stakeholder’s initial purposes and goals were achieved, including the satis-
faction of the outcome. RE can be described as a process, implemented in the early 
stages of a development cycle or model, defining all different activities involved with 
the objective to establish the goals so they can be achieved as accurately as possible. 
The needs and requirements must be established before a system can be developed. 
(Nuseibeh & Easterbrook 2000) 
 
Requirement engineering is a process driven practice, worked with in the form of pro-
ject work, which may continue until the process is ended by different reasons, e.g. the 
goals are reached or the task is suspended or terminated. Project work is defined only to 
be temporary by its nature, i.e. projects are not supposed to be infinite or ongoing with-
out limits, although projects may last and continue for several years without seeing a 
definitive end. The results or outcome of a project, e.g. a product or service, is neces-
sarily not temporary as projects are generally done with the intentions to create some-
thing which lasts. (Project Management Institute 2004 p. 5) 
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2.1 Requirements 
The definition of a requirement may be done in several ways and by using many syno-
nyms describing a requirement. In a quite common  and typical way, a requirement can 
be defined as a feature, function, capability, property, attribute, characteristic, behavior 
or constraint that is necessary and must therefore be present in order to solve some kind 
of real-world problem. Requirements should also be measurable, verifiable and tracea-
ble. (Kandt 2003, Hull et al. 2011) 
 
The IEEE standard for Application and Management of the Systems engineering Pro-
cess (IEEE-Std-1220-1998) tells also that a requirement can be defined as a statement, 
describing the constraints and characteristics of a product or process briefly in a concise 
form, and is essential in order for the specified product or process to be accepted. (Hull 
et al. 2011) 
 
Requirements are the key of potential for quality and a successful product; meaning that 
requirements and their quality will correspond to the quality of a product. Improving 
requirements will respectively improve the quality of a product. (Hull et al. 2011) 
 
2.1.1 Types of Requirements 
The requirement types can be categorized in several different ways, as requirements 
originate from many types of stakeholders with diversifying backgrounds, level or area 
of operation, tasks, technical knowledge etc. The requirement type may be dependent on 
the work or project and its intentions, i.e. what is the meaning, or if there are specific 
needs. A typical way to categorize the requirement type on a higher level is by using 
three different types; business requirements, product requirements, process require-
ments. 
 
Business requirements are statements from a business point of view, describing what 
kind of needs, goals or visions there are to be accomplished, often in order to increase 
the value of a business operation. Business requirements are regarded as high-level re-
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quirements, which are initial problems that should be solved. Higher level requirements 
are not meant to be technical or define how a problem should be solved; the meaning is 
to provide a concise description of what is wanted to be achieved, e.g. “we have a need 
to increase the customer satisfaction”, and they should be formulated so that the man-
agement and other non-technical persons would understand it.  
 
Product requirements are requirements concerning some kind of product e.g. a system 
or software that is being developed, and describe its features. Product requirements may 
be more specifically defined as system requirements, as usually the product developed 
is a system of some sort, especially when relating to software engineering. A system 
may contain several different components, where the system defines the entirety of it. 
(Abran et al. 2004) 
 
Product requirements may form a solution for a business requirement, how it’s going to 
be accomplished, and therefore in such a case the product requirement is a lower level 
requirement. A response to the earlier business requirement may e.g. be “the communi-
cation tool must identify the customer”. Features should still be described in an abstract 
way at this level, as the development process continues the earlier requirements will be 
the base and followed by other even lower level requirements, which are describing so-
lutions in a more specific technical way. Product requirements can be further catego-
rized as functional and non-functional requirements. Functional requirements describe 
the functionality and capability of what a system is required to do, while non-functional 
requirements describe restrictions and constraints which could affect solutions and how 
a system may operate, e.g. availability, maintainability, interoperability, portability, re-
liability, safety, security (Kandt 2003). The non-functional requirements could be even 
further categorized based on what they are concerning, e.g. as in in the example above. 
(Abran et al. 2004) 
 
Process requirements describe the way of performing, how to handle a task, and how 
something should be done. In software engineering, in the process of product develop-
ment, a process requirement may define what programming language, tools and soft-
ware should be used, or sets other requirements which could restrict available options. 
(Kandt 2003) 
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The many types of requirements are affecting each other; they are linked together by 
relationships through different levels. Commonly high-level requirements are linked to 
several low-level requirements, even though they may be linked in the other direction as 
well. The way how requirements are transformed from high-level into more low-level 
ones is called requirements tracing, it’s the comprehension of relationships between re-
quirements on different levels. Tracing of requirements and their relationships on differ-
ent levels will allow and improve certain things, e.g. improved progress measuring, cal-
culation of benefits vs. expenditures, impact analysis. (Hull et al. 2011) 
 
2.2 Stakeholders 
A stakeholder is anyone with the capability to affect or to be affected by actions. Gener-
ally this will include clients, customers, employees, investors and suppliers in an organ-
ization. A stakeholder can further be defined as some entity; a person, group of people, 
organization or some other independent being that is having some kind of interest in 
something, e.g. a system for usage, benefits, advantage, but also disadvantage, expenses 
and other things that could affect or lead to consequences. (Hull et al. 2011) 
 
Stakeholders and identification of them is essential for success in a project, because of 
the interest they have, and therefore they are the highest priority source of requirements. 
While it is beneficial to have a large amount of stakeholders for requirements, it is 
common that different parties have conflicting opinions and needs, which could be 
problematic. Discovering potential conflicts will ensure that they can be taken into ac-
count in later phases of system development.  
 
2.3 Requirements Engineering Practices 
Standard requirements engineering practice is commonly concerned with identification 
of stakeholders, discovering and documenting their needs and requirements, compila-
tion of requirements into a formal document, a so-called requirements catalog, analysis 
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of requirements, and validation of requirements,. The requirements documentation or 
catalog will function to define the needs and required features in a way making it possi-
ble to implement them, e.g. by IT-architects and software engineers. Early requirements 
will function as a base for creating software requirements specifications (SRS), which 
are later to be followed in the development and implementation phases of the specific 
product being worked on. Specifications may also be used as an agreement with a client, 
to define what is going to be built. 
 
The activities involved in requirements engineering can be broken down into several 
sub-areas or -processes, which generally consist of elicitation, analysis, specification, 
and validation of requirements. These activities are regarded as the most common and 
important phases in RE, and will be further handled as separate topics in this thesis 
work. Other phases could also be included depending on the RE process, on the scope 
of a project, and on its complexity. This will affect the amount of work and time re-
quired to complete the whole requirements engineering task. Examples for other phases 
could be documentation, system modeling and requirements management. 
 
2.3.1 Elicitation 
Requirements elicitation is regarded as a sub-area of RE, and it’s generally the first 
phase in RE processes. Requirements elicitation may also be described as collecting re-
quirements or requirements gathering, although elicitation is the most commonly used 
terminology, because one should not expect to receive all requirements in an accurate 
way by simply questioning the users and stakeholders what a system should do. 
 
The main intentions includes getting an overview of a problem which is yet to be 
solved, e.g. by a system or software that is going to be made according to the purposes. 
This is achieved by collecting requirements by various means and techniques from the 
stakeholders involved. The elicitation work may be done by someone who has basic 
knowledge of RE, e.g. a requirements specialist, software engineer or IT-architect, de-
pending on resources and the scope of the whole project. One of the most important 
traits in requirement elicitation is good communication co-operation skills, as the person 
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must be able to question the stakeholders and get them to talk openly during interviews 
and meetings, so that they can reveal their requirements. (Hull et al. 2011 p. 105) 
 
Before being able to start the elicitation work itself, the possible requirement sources 
must be known and identified, i.e. the stakeholders and equivalent people, like the cus-
tomer and end users which could be the target group for a new system. It is important to 
have as many sources and alternatives as possible, as it will potentially improve the end 
results by the amount of different viewpoints when gathering requirements across the 
board. 
 
Different elicitation techniques are commonly used to collect the requirements; these 
may include stakeholder and expert interviews, meetings, observation, different inquiry 
methods and surveys. Interviews can be held individually, but it would be advantageous 
to arrange group interviews or meetings where people can openly discuss their point of 
views regarding their needs for better overall awareness. The discussion between stake-
holders may also result in realization of possible conflicts, which would have a better 
opportunity to get solved because of the early phase in the development process. 
 
Observation of users working in their own environment may also prove to be particular-
ly useful for understanding their task and to realize how they handle a system or soft-
ware. By getting a general overview and understanding of the tasks needed to be done, 
will make it easier to carry out the elicitation work and to describe the user require-
ments. 
 
Here are some general technique guidelines for requirements elicitation and interviews; 
identify as many stakeholders as possible especially key persons, work with many types 
of stakeholders handling different areas of work, document everything about require-
ments, question stakeholders for reasons and purposes of their requirements, but don’t 
ever judge requirements. 
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2.3.2 Analysis 
When the elicitation of requirements is completed, the next phase which consists of 
analysis of the collected requirements can be started. An important intention of the 
analysis phase is to verify all requirements and that they are able to be comprehended, 
by reviewing the collected requirements and documenting them in a structured way. The 
documentation should include the stakeholders, their relations, possible conflicts or con-
straints, and other important information related to the requirements.  It is important that 
requirements are clearly and precisely described in order to understand them without 
misinterpretations. The documentation may also include the original wording of a re-
quirement, written exactly in the same way as it was expressed or recited by a stake-
holder, as well as in the native language to minimize risks associated with translation. 
The purpose of the requirements document is to present the requirements, their values, 
bring up conflicts and issues, and demonstrate the received benefits for stakeholders. 
 
The analysis practices should include classifying requirements in different means, e.g. 
the requirement’s type, whether the requirement is concerning a product or a process, 
and also if a requirement is a functional or a non-functional requirement. The analysis 
may also include defining whether requirements are linked to other requirements or a 
result of them, e.g. higher level ones, and checking for any overlapping requirements or 
duplicates. Different functional areas may also be specified, i.e. what specific area or 
functions a requirement concerns, the range of extent and what is affected, and then 
classified by these attributes. The functional areas are highly dependent on the project 
and its scope. (Abran et al. 2004) 
 
A commonly used method used in requirements analysis, especially in software engi-
neering, is conceptual modeling, which means developing an abstract concept involving 
certain parts of the issue. The concept model should represent a real-word scenario, con-
taining the most importantly perceived aspects, while leaving less important ones disre-
garded. The purpose is to help understanding the requirements and issues before actual 
implementation or construction. Conceptual modeling has several benefits, e.g. the 
completed conceptual models can be used for checking specifications and requirements. 
Models can be used for demonstration to help giving a general understanding of the 
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problem and its structure. Models can be used directly to derive working systems for 
implementation. Models can help with the testing, debugging and verification work. 
Development risks may be more easily identified by using models, and models may also 
be reused as they are generally stable over time. Conceptual modeling may involve de-
velopment of several different types of models, e.g. models for data and control flow, 
state, events, user interactions, object models and others (Abran et al. 2004). There are 
also different methods and systems used for conceptual modeling; a commonly used one 
is the Unified Modeling Language. (Kandt 2003) 
 
Another thing which in general should be taken into account is requirement priority. 
Priority analysis is generally based on different factors, e.g. the requirement importance, 
implementation costs, and relationships or dependencies of requirements. The analysis 
may provide various benefits, like which requirements should certainly be fulfilled 
while other less important ones could be postponed for later implementation or skipped 
completely if necessary. Also during the analysis potential risks may be discovered, 
which should be reviewed for possible impact consequences concerning the cost, sched-
ule and technical feasibility. (Kandt 2003) 
 
The priority determines how important and critical a requirement is on an overall level 
for success. Any potential benefits should be assessed and balanced with the priority in 
comparison with the implementation costs. (Abran et al. 2004) 
 
The requirement priority can be defined in collaboration with stakeholders during inter-
views, meetings and other methods of surveying, and then classified on different types 
of scales, e.g. a numerical scale or then in an equivalent way verbally with options for 
low, medium, high etc. A common problem in prioritizing requirements is that a large 
amount, or even the majority, of requirements are prioritized relatively high, because of 
stakeholder’s opinions and the way of thinking that all requirements are necessary. A 
solution for too many highly prioritized requirements is using another method for priori-
tization, e.g. by comparing and identifying relative values between all requirements. Al-
ternative methods as the Analytic Hierarchical Process (AHP) or the Incomplete Pair-
wise Comparison (IPC) could be used, or then in a more common way by first defining 
priority on a higher level of different components, e.g. subsystems or scenarios, depend-
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ing on their requirement type and relations, and then prioritizing the requirements indi-
vidually of those components. (Kandt 2003) 
 
2.3.3 Specification 
Specification of requirements is the third phase of the standard RE practices, where the 
specifications, which are formed and derived from the gathered requirements, should 
provide information of the intended outcome, e.g. a product in form of a software sys-
tem, i.e. describe what it’s supposed to do. All information may not or can’t be dis-
played, but it’s important that the essential information for solving the problem is pre-
sent. Specifications should also be able to be used for demonstration purposes of a solu-
tion and its behavior to stakeholders or customers. (Kandt 2003)  
 
As it is commonly known that documentation is really important in many tasks, because 
of the need to know what has been done and because of the need to keep things on 
track. The requirements specification practices may therefore include the making of 
several, but in general three, different types of documents; a system definition docu-
ment, a system requirements specification and a software requirements specification. 
The documents are made for specific usage and will consist of requirements separated 
and categorized by their type. (Abran et al. 2004) 
 
The system definition document could be considered as high-level requirements docu-
mentation, which describes the system and its intentions on an overall level. This docu-
mentation’s target audience is primarily users of the system and customers needing a 
complete understanding of the system, and should therefore consist of less technically 
oriented terms. The system requirements specification can be defined as a common 
specification document, which could be used in any kind of system engineering task, 
meaning that it’s not restricted only to software engineering. Also the software require-
ments specifications are usually derived from this documentation, as a system may con-
sist of many different components, including e.g. software and hardware, and may 
therefore need separate documentations of the requirements and specifications. (Abran 
et al. 2004) 
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The software requirements specification (SRS) is generally in software engineering the 
most commonly used type of documentation, which describes the software that is going 
to be developed. The SRS can be defined as a collection of structured data, which re-
flects the requirements of the system software. The documentation should include in-
formation making it possible to assess development costs, risks and the time needed for 
development. Use cases may also be included, for describing the behavior and user in-
teractions or scenarios. 
 
The Institute of Electrical and Electronics Engineers (IEEE) association has defined and 
specified several standards, including standards concerning the SRS. The IEEE standard 
for Recommended Practice for Software Requirements Specifications (IEEE Std-830-
1993) recommends several attributes that the SRS should fulfill; correctness, complete-
ness, consistency, verifiability, prioritization, traceability, modifiability, unambiguous-
ness. (Kazmierczak 2003) 
 
Using many types of specification documents can provide several benefits regarding the 
documentation, which could be especially useful in large-scale projects with a lot of 
complexity that requires good documentation. (Abran et al. 2004) 
 
There are general guidelines and principles how requirement specifications should be 
stated, in order to form a better uniform understanding and structure. Even though the 
purpose of specifications is to describe the intended outcome, the specifications should 
not specify how the solution is implemented, e.g. architectural or design decisions of a 
solution, except if the concerned requirement is of the non-functional type with the in-
tentions to place restrictions on the intended outcome; e.g. specifying which program-
ming language, framework or architecture should be used in this case. (Kandt 2003) 
 
The principles include also that every requirement is completely specified describing 
the needed functionality, and that all requirement statements are unique. Duplicates 
should not be allowed, and only one requirement should be included and described per 
statement, meaning that requirements are possibly needed to be split in several require-
ment statements. Also the traceability of requirements between higher and lower level 
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ones should be possible in a bidirectional way, including possible relationships with 
other requirements, because of the need to know if the derived lower level requirements 
are able to satisfy and fulfill higher level requirements. The requirements should also be 
verifiable by different methods, e.g. tests, demonstrations, analysis or inspection, so that 
the intention can be validated. (Abran et al. 2004) 
 
2.3.4 Validation 
The validation phase of RE should mainly consist of identification and correction of er-
rors, faults and other mistakes that have gone unnoticed in earlier phases. The purpose is 
to ensure that the requirements are correct and will certainly satisfy the needs of stake-
holders, followed then by approval if the validation and verification procedures are suc-
cessfully completed and nothing is left unresolved. 
  
The validation practices may include different methods, where requirements reviews are 
in general one of the most commonly used methods. In a requirements review the re-
quirements and the associated documentation should be carefully inspected with stake-
holders and other parties which may have interest in the project. This may include cus-
tomer representatives or developers, depending on the case. (Abran et al. 2004) 
 
Another common method is prototyping or modeling, where a conceptual model reflect-
ing real-world usage or scenarios is used or built, with the intention to test and validate 
the requirement. Prototyping may provide several benefits, e.g. checking how some-
thing should work like the behavior of user interfaces and interactions, resulting in a 
better understanding. While there are benefits, prototyping may be expensive and time 
consuming, and even result in distraction from the main issue while focusing instead on 
minor problems. (Abran et al. 2004) 
 
Another validation method used could be the attempt to disprove requirements by dif-
ferent tests. A requirement and its statement should describe the problem correctly in its 
wholeness, and if it would be proved false then it would be vague or inaccurate. 
(Nuseibeh & Easterbrook 2000) 
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As already is stated earlier, a requirement should be verifiable, with the possibility to 
ensure that the needs will be satisfied by the projected outcome. To proceed in the de-
velopment process, the requirements should be assessed whether they are complete, 
clear, implementable, and sufficiently acceptable as required. (Hull et al. 2011) 
 
Validation and reaching agreements about requirements may however prove to be diffi-
cult because of several reasons, e.g. the information provided and what it concerns is 
simply not enough for a complete understanding. Possible misunderstandings may lead 
to changes concerning requirements, where the original intention is altered. Therefore 
it’s also important to review requirements with their originators. A common problem 
encountered when performing validation practices is the finding of a common consen-
sus and agreement between different stakeholders, due to the reason of conflicting goals 
and interests. This should be solved through requirement negations, where the goal is to 
satisfy all the involved parties by identifying each and every win condition and to con-
firm they are reached. (Nuseibeh & Easterbrook 2000) 
 
2.4 Requirements Engineering Process Models 
Different kind of process models have been designed and utilized since the beginning of 
system and software engineering activities, especially in the commercial side by the rise 
of the big software giants. The continuous development and ever increasing complexity 
of software has led to constraints and bottlenecks on the methods used for development. 
Therefore also many new kinds of process models have been invented for improved de-
velopment efficiency with the intention to achieve better results. 
 
A couple of the most commonly used standard process models specifically designed for 
RE include the linear sequential process model, the linear iterative process model, and 
the spiral model, besides many others including those which are modified or suited to a 
specific need. Many system and software engineering process models include also phas-
es for RE practices, e.g. the V-Model. Therefore a separate specific RE process may not 
necessarily be needed. Different types of process models have their own advantages and 
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disadvantages, a certain process model cannot be commonly recommended without 
knowing the intentions and the details of the project. 
 
In the field of requirements engineering, the ongoing process is typically of the iterative 
kind. The process continues through the entire project until its end. The industry’s needs 
and desires of faster time to market (TTM) and shorter development periods of products 
has resulted that most products are in general continuously being developed, step by 
step, and released as upgrades or revisions which include new features and improve-
ments. When a new revision is released the whole process starts again from the begin-
ning, and may possibly continue until the end of the product life cycle. (Abran et al. 
2004) 
 
2.4.1 Linear Model 
The linear requirements engineering process model is a very similar model when com-
pared to the standard waterfall model, which has been relatively common in system and 
software engineering, because of the sequential process steps or phases used where the 
move to the next phase can be done when the current one is fully completed. The linear 
RE process model includes five main activities; concept, problem analysis, feasibility 
and choice of options, analysis and modeling, and requirement documentation (see fig. 
1 as an example). This kind of a simple model may be used for smaller-scale projects, 
where it would be sufficient, but it’s not recommended for large-scale projects with a lot 
of complexity. Several flaws may be associated with the linear RE process model, e.g. 
the lack of validation, user feedback, and risk management, caused by the sequential 
model structure which is not having iterations for different phases. (Shams-Ul-Arif et al. 
2009) 
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Figure 1. Linear RE Process Model 
 
2.4.2 Linear Iterative Model 
The linear iterative RE process model is a further developed version of the linear model 
including some iteration between the final phases, as demonstrated in fig. 2. The phases 
involved in this model consist of requirements elicitation, requirements analysis & ne-
gotiation, requirements documentation and requirements validation. The main differ-
ence between this linear iterative model and the completely linear model is that the vali-
dation phase is iterative, meaning it may be done as many times as required until the 
requirements are validated by the stakeholders and agreed upon as the final system 
specifications. This ensures better validation of requirements in the process. (Shams-Ul-
Arif et al. 2009) 
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Figure 2. Linear Iterative RE Process Model 
 
2.4.3 Iterative Model 
The iterative RE process model is consisting of three main phases; elicitation, specifica-
tion and validation, but because of the iterative nature of this model, the phases are in 
general performed multiple times until resolution as shown in fig. 3. This kind of pro-
cess model is typical for software development, where new revisions of the product are 
continuously being developed and released, requiring shorter development and release 
periods. The iterative model incorporates also feedback and information from users and 
therefore problems have better possibility to be assessed before validation. (Shams-Ul-
Arif et al. 2009) 
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Figure 3. Iterative RE Process Model 
 
2.4.4 Spiral Model 
The spiral RE process model consists of four phases, as in the linear iterative RE pro-
cess model; requirements elicitation, requirements analysis & negotiation, requirements 
documentation and requirements validation. The spiral RE process model works basi-
cally in a linear way, the four phases are all sequentially aligned, but because of the spi-
ral structure as shown in fig. 4, once all phases are sequentially completed, the process 
starts again from the beginning forming a cycle. Thus it combines some iteration in a 
cyclic manner with the basic thinking of the linear process model.  The spiral model is 
designed to handle certain things better, e.g. risk, delays requirement changes, which 
could have consequences affecting the cost, schedule or quality. (Shams-Ul-Arif et al. 
2009) 
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Figure 4. Spiral RE Process Model (Shams-Ul-Arif et al. 2009) 
 
2.4.5 V-Model 
The V-model is an adaption of the waterfall model used in system and software engi-
neering. The difference concerns mainly validation, testing, quality and risk manage-
ment activities, which are handled by the addition of several iterative phases to the pro-
cess structure. The intention is to continuously carry out testing and verification proce-
dures to improve the quality and minimize risks. (Kazmierczak 2003) 
 
The development phases can be seen as different layers, which progress from the initial 
high-level stage further down in the process until the lower levels are reached, where 
the implementation work may be started (fig 5.). Each phase is also always validated 
back and forth, against the specified requirements, meaning that RE is playing an im-
portant role at every development phase. The process phases in the V-Model can vary 
depending on the intentions and the project, but the basic pattern should stay the same. 
(Hull et al. 2011) 
27 
 
As an example and for comparison to fig. 5, viewing the V-Model purely as a RE pro-
cess model, the phases could be defined from the start to the end as: stakeholder re-
quirements, system requirements, subsystem requirements and component requirements, 
where each phase would include respective tests and validation procedures; acceptance 
test, system test, integration test, and component test. 
 
 
Figure 5. V-Model 
 
2.5 Importance of Requirements Engineering 
Requirements engineering may not feel very important when some kind of development 
project is started, especially if one is inexperienced or missing directives. Therefore RE 
could easily be neglected completely. Another reason for neglecting RE could be the 
way of thinking that instead of spending time and effort in requirements engineering, 
the time could be better utilized in other areas of development, e.g. coding, testing and 
validation. This kind of approach may work in smaller scale projects, as there are sever-
al factors involved which could affect the results. However, as the scale of the project 
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and involved people get larger, the potential risk of something going wrong will respec-
tively grow substantially. 
 
If a problem or mistake, e.g. something concerning the system design or architecture, 
which affects a lot of different components, is introduced or made early in the develop-
ment phase but not discovered until later phases, this will generally make the fixing a lot 
harder and more expensive. Another cause, which may result in higher expenditures 
when solving issues at later development phases, is the potential need for major changes 
in several different things. This situation requires more time spent solving the issues and 
possibly prolongs the project making it to miss deadlines. 
 
A study done by the Standish Group in 1995 and 1996 (Scientific American, Sept. 
1994) concludes and assembles different reasons for project failures, as demonstrated in 
fig. 6. The most common reasons were incomplete requirements (13.1%), lack of users 
involvement (12.4%), lack of resources (10.6%), unrealistic expectations (9.9%), lack of 
executive support (9.3%), changing requirements or specifications (8.7%), lack of plan-
ning (8.1%), didn't need it any longer (7.5%). The same study shows also project suc-
cess factors, which were listed as user involvement (15.9%), management support 
(13.9%), clear statement of requirements (13.0%), proper planning (9.6%), realistic ex-
pectations (8.2%), smaller milestones (7.7%), competent staff (7.2%), ownership 
(5.3%). (Hull et al. 2011 p. 22-23) 
 
The results (see fig. 6) show that the issues were mainly not technically related, but 
highly related to requirements and their management, the lack of support, resources and 
other problems concerning the management. (Hull et al. 2011 p. 22-23) 
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Figure 6. A chart of project failure reasons 
 
Even though there are several RE process models which could be utilized in projects 
and organizations, studies have shown (Hofmann & Lehner, 2001; Lowe & Eklund, 
2001) that in general the majority ignores a clearly defined RE process, because of the 
reason that RE is thought to be an ad hoc process, i.e. the RE practices are carried out 
without following a real process and the work is mostly performed by improvisation. 
(Martin et al. 2002) 
 
In software engineering, the RE process and its practices have also been seen more like 
a certain part of a software process, which covers the entire project. While requirements 
and their importance for success is well known, the concept of requirements engineering 
as a separate knowledge area and engineering practice is not as widely known. (Martin 
et al. 2002) 
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3 A REQUIREMENTS ENGINEERING CASE 
This thesis work, which is part of a more comprehensive large-scale process and system 
development project with the intentions to improve quality and efficiency in the current 
and future processes and operations, included the task to solve different needs regarding 
a Network Information System (NIS). This was a requirements engineering case, a task 
to define change requirements. 
3.1 The Business Requirement Gathering Process 
Because of the reason that the corresponding business unit I have been working for did 
not have any clearly defined methods or processes for managing requirement specifica-
tions, there was a need to define one.  It is possible that other business units have readily 
defined processes for managing requirements, and the practice is also likely to vary due 
to the large amount of different units. Therefore a new process for this was planned and 
defined; the Business Requirement Gathering Process (BRGP). 
 
When examining the life-cycle of a project, it should in general consist of several de-
velopment phases, including possibly several subprocesses with their own phases. From 
a high level development perspective, in regards to this particular process and system 
development project which is being carried out, the Business Requirement Gathering 
Process is located early in the process structure as demonstrated in the Fig. 7 example. 
The process in this example includes phases like business requirement, IT analyze & 
design, IT implementation, and finally rollout. The structure itself is also linear meaning 
that the phases are sequentially executed when examined from a high level viewpoint. 
 
 
Figure 7. High Level Development Process 
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The Business Requirement Gathering Process (BRGP) itself was also designed as a se-
quentially structured process, which consists of four main phases. The included phases 
are elicitation of requirements, specification of requirements, prioritization of require-
ments, and validation & approval of requirements. These phases reflect directly to the 
standard RE practices, i.e. elicitation, analysis, specification, and validation, which were 
introduced earlier in this thesis. Fig. 8 shows the overview of the BRGP structure from a 
high level viewpoint, called level 1. When examining the process and its different phas-
es in a greater detail, we proceed gradually to the following levels in the process struc-
ture. 
 
 
Figure 8. The Business Requirement Gathering Process 
 
3.1.1 Elicitation of Requirements 
The first phase of the BRGP is elicitation of requirements. The overview of the steps 
and included persons are demonstrated in Fig 9. The purpose in this case is to solve the 
different business needs by gathering as many requirements, and related information, as 
possible. The business needs and requirements will then be refined and clarified in a 
way that they can be later solved or implemented by different means. Several different 
methods to obtain and gather requirements may be used, although the elicitation task 
should be carried out mainly through interviews and meetings with different stakehold-
ers and other participants of the project. 
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One of the most important tasks in this phase is to identify stakeholders, which are play-
ing an important role regarding the project. These stakeholders are the key persons, e.g. 
usually main users, experts, and process or task owners, with extensive knowledge of 
their own work area. Therefore they should be included in interviews to gain the most 
broad and accurate information possible. Resources must be allocated, i.e. stakeholder 
interviews and meetings should be arranged and scheduled according to the availability 
and time constraints. 
 
By the end of this process phase, a detailed documentation of the collected initial re-
quirements and related data should be available for further usage. Also an initial listing 
of business benefits should be included, where each and every requirement should con-
tain the information and reasons why it is needed and what kind of advantages it would 
potentially bring, especially from a business viewpoint if possible, e.g. estimated cost 
savings or efficiency related improvements in the operations. At this point it is advisable 
to have as much information and details as possible documented, unnecessary and re-
dundant information may be trimmed later on in the specification phase. 
 
 
Figure 9. Elicitation of Requirements 
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3.1.2 Analysis and Specification 
The next phase of the BRGP is analysis and specification of requirements, where the 
purpose is to analyze and specify the gathered initial requirements, from the elicitation 
phase, to assure a complete understanding and verification of the requirements. Detailed 
explanations of the requirement descriptions should be added to the documentation, as 
well as corrections or changes if necessary, e.g. as some requirements may need to be 
split into several ones. New requirements may yet be proposed and added, and further 
additions of new requirements may even be allowed until the end before final validation 
and approval if it’s appropriate and important to the case.  
 
The analysis and specification phase is meant to be carried out by performing additional 
requirement reviews, interviews and meetings with the stakeholders, including business 
analysts and controllers, as shown in fig. 10 demonstrating the process flow. An im-
portant thing is again to secure resources by organizing meetings and scheduling them 
efficiently so that all needed stakeholders could attain and be heard. 
 
According to the process flow in fig. 10, one of the tasks is to create detailed descrip-
tions, including explanations and clarifications, of the requirements in conjunction with 
business analysts. The business analysts are generally also classified as stakeholders, 
because they also have an interest in the project but from a different viewpoint, e.g. 
compared to users of a system that is developed. The next step will lead to analysis of 
costs and benefits and calculation of business benefits. These assessments are required 
to be able to further prioritize the importance of requirements and potentially attained 
benefits compared to implementation costs.  
 
At this point and prior to final validation in this phase, the requirements and their scope 
are also meant to be verified by a second round of meetings or interviews with the re-
quirement originators, the persons who originally proposed requirements. The intention 
is to review the requirements and related information documented and possibly correct 
faults, and to obtain approval from the originators of the requirements. 
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After completion of the analysis and specification phase of the BRGP process, a struc-
tured documentation of the requirements and the related information collected should be 
in good shape and understandable by third persons. It’s still important to document a bit 
more than may seem necessary, although the documentation should stay structured and 
appear refined at this point. The documentation is important in order that the require-
ments and their meaning stay correct from the beginning to the end, and that they are 
easily understood so that they could be demonstrated and further utilized. 
 
 
Figure 10. Analysis & Specification 
 
3.1.3 Categorization and Prioritization 
The third phase in the BRGP is categorization and prioritization of requirements. As 
shown in fig. 11 which demonstrates the process flow, as well as the name implies, this 
phase consist mainly of meetings with the stakeholders to categorize and prioritize the 
requirements. This should again be carried by arranging and scheduling meetings with 
the required persons, which may include many different types of stakeholders, ranging 
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e.g. from users and system experts to persons from the IT- development and implemen-
tation side. 
 
As this thesis has already described different RE practices, categorization and classifica-
tion of requirements may be done in several different ways, depending on the project, its 
scope, and the intentions. It should be at least advisable to define the type of the re-
quirement, e.g. is it a business requirement, process requirement or a system/product 
requirement. It could also be beneficial for categorization reasons to specify in detail 
what specific functional areas a requirement concerns, i.e. the scope. 
 
When the requirements have been categorized, a requirements prioritization should fol-
low. The prioritization meeting should also be done in collaboration with the corre-
sponding stakeholders, in this case the prioritization board, which could e.g. consist of 
developers, system experts, and business analysts, as shown in fig. 11. Prioritization is 
an important task that provides several benefits, especially in large-scale projects, when 
the costs, benefits, and schedules among other things related to the project are assessed 
and determined. 
 
 
Figure 11. Categorization & Prioritization 
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3.1.4 Validation and Approval 
The fourth and final phase of the BRGP is validation and approval. The main function 
of this phase is in verifying the gathered requirements with the business management, in 
order to get approval. After the requirements have been successfully validated, it will 
lead to the end of the BRGP, and the project will continue according to the high level 
process used, e.g. as in this case with IT analysis and design followed by implementa-
tion. The intention of this validation and approval phase is to function as a final control 
of the requirements. 
 
The validation work of this phase should be carried out as shown in fig. 12, starting by 
informing the business management and ending with a scheduled approval meeting. 
During the approval meeting the gathered requirements including the documentation 
should be presented, in order to give a proper overview of the case. The requirements 
should then be reviewed thoroughly, one by one, where a requirement is either approved 
or invalidated/ignored with possible further instructions. After this, action should be 
taken according to the decisions made during the meeting.  
 
 
Figure 12. Validation & Approval 
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3.2 Compilation of the Requirements Catalog 
As this thesis work also included the task to identify different needs by collecting busi-
ness requirements regarding a Network Information System (NIS) and to compile the 
requirements into a formally structured requirements catalog, the newly defined Busi-
ness Requirements Gathering Process was used and the RE practices was carried out 
according to the process. Although the BGRP was also developed and improved during 
the whole process, based on practical experience, results and feedback. 
 
The first step was to gather business requirements through elicitation. The requirements 
were gathered by interviews and during meetings, which were organized with various 
stakeholders, usually from different business sections, seen and identified as the key 
persons of their knowledge area. In case a meeting required a person with another local-
ity where they could not physically attend because of the traveling distance, the meeting 
was held using available net meeting tools. 
 
After the identified stakeholders had been heard and interviewed, and the initial busi-
ness requirements seemed appropriate at this stage, the next phase of the process could 
be started. This phase consisted of analyzing the requirements and specifying them in a 
greater detail, e.g. the description and the explanation of requirements was improved, 
the requirements were named in a suitable way, and other things concerning the docu-
mentation were improved. It was important to document the requirement owner, i.e. the 
person who originally suggested the requirement, in order to be able to trace back to the 
person if there was a need for additional information. Another essential matter was the 
estimation of potential benefits, as it is important to have a valid reason or justification 
for every requirement, which will also make prioritization easier. Most of the practices 
of this phase were performed in collaboration with the stakeholders, during a second 
round of interviews and meetings, where also the requirements and the work up to this 
point was verified by the original requirement owners. 
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The next phase consisted of categorization and prioritization of requirements. The task 
was performed in collaboration with various stakeholders, particularly with stakeholders 
from the business management and the IT architecture, design, and implementation sec-
tions. 
 
Once the requirements were categorized and prioritized, it was time for the final phase, 
which was to validate the requirements and to review the entire requirements catalog. 
The task included to determine how each requirement should be handled, as well as to 
specify what the next step was. The entire requirements catalog and the related work 
was completed after the requirements had been validated and approved, resulting in 
ending of the process. 
 
4 CONCLUSIONS 
In software engineering it is common that a large amount of time is used for quality and 
assurance testing, to correct and fix detected flaws and issues. The later an issue is de-
tected or a request for some kind of a change is made during a software engineering or 
development project, the more it will take time and resources to fix or implement it. 
Project failures are necessarily not caused by technical issues, the cause is in general 
more likely related to the management, requirements and resources. 
 
In order solve different needs placed by the business it is highly desirable to have clear-
ly defined goals and specifications, what is really required from the system, its users and 
other stakeholders. The needs and requirements must be established before develop-
ment. The outcome of a project should correspond to the demands and requirements of 
stakeholders if it’s going to be qualified as a successful investment. Therefore high 
quality requirements and specifications are critical in creating a successful product that 
will meet user expectations. Potential benefits, risks and other factors associated with 
the requirements placed by the business should be assessed and balanced altogether be-
fore actual system and software development and implementation work. 
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Requirements engineering and its practices, which may be considered as a subdiscipline 
of systems and software engineering, is an important knowledge area providing several 
benefits when used properly in an engineering task. The purpose of requirements engi-
neering is to clarify the needs and requirements, by bringing together different stake-
holders, users affected, or anyone involved with some kind of interest in the task. The 
requirements may be gathered through elicitation and by using several different ap-
proaches. Other practices involved in requirements engineering is generally analysis, 
specification and validation of requirements. 
 
Requirements engineering should be a process driven practice, and the same should in 
general apply to any kind of project work, with a clearly defined and structured process 
plan which is meant to be followed. The processes used may depend on the project, its 
scope, and several other factors. Any guidelines or recommendations of a suitable pro-
cess for a specific project cannot be given without a background study of the project and 
what it involves. 
 
One of the main objectives of this thesis work was to find out and identify what kind of 
needs and requirements various businesses and departments of a company have for a 
Network Information System. Because of the reason that there were not any specifically 
defined processes for similar requirements engineering tasks, it was also included to de-
fine a suitable process for the company. This was accomplished by the Business Re-
quirement Gathering Process, which also follows and makes use of common standard 
requirements engineering practices. The process was used for the requirements engi-
neering task in this thesis work, and the resulting requirements were documented and 
compiled into a formally structured requirements catalog. The requirements catalog, in-
cluding all information gathered and compiled, was validated and finalized before being 
passed on to the IT architects.  
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APPENDIX: REQUIREMENTS CATALOG TEMPLATE 
